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NOTICE

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government pro-
curement operation, the United States Government t[ereby incurs no responsi-
bility nor any obligation whatsoever; and the fact that the government may
have formulated, furnished, or in any way supplied the said drawings, cpecifi-
cations, or other data, is not to be regarded by implication or otherwise as in
any manner licensing the holder or any other person or corporation, or conveying
any rights or permission to manufactureuse, or sell any patented invention that
may in any way be related thereto.

Copies of this report should not be returned unless return is required by
security considerations, contractual obligations, or notice on a specific document.
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ABSTRACT

The objective of this program was to adapt a newly developed self-
sealing integral fuel tank materials system to a C-130 integral wing tank
and evaluate its resistance to slosh and vibration damage as well as its
protective capabilities against small arms ground gunfire. The selected
system consists of a combination of fle-,'ble ballistic nylon laminates
(corrugated and flat) and precompressed Buna-N closed-cell foam.

This system, when installed in a C-130 wing integral fuel tak section,
was found to withstand slosh and vibration tests.

In firing tests of this system installed in a C-130 wing integral fuel
tank section, promising results were obtained. The damage control system
proved successful in limiting the damage to the C-130 skin structure. The
self-sealing system was successful for many .50 caliber AP and API impacts.
When the projectiles hit a rib longitudinally and tumbled immediately behind
the tank entry skin structure, large areas of the tank were damaged and
sealing was only partially effective.

When installed in the slosh and vibration tests tank, the weight of
the system was 1.70 pounds/foot 2 and its thickness exceeded the height of the
structural ribs (5/8-inch) by 3/16 of an inch. By comparison when installed
in the firing tests tank, the weight of the system was 1.85 pounds/foot 2 and
its thickness exceeded the height of the structural ribs (7/8-inch) by
3/16 of an inch.
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SECTION I

INTRODUCTION

Small-arms ground fire is still a hazard to aircraft fuel systems. A
20mm or smaller size projectile puncturing an aircraft fuel tank may produce
leaks causing loss of fuel, fires, explosions, and possibly destruction
of the aircraft. In view of these hazards and their implications on aircraft
safety, development of new and improved passive lefense techniques are required.

The objective of this investigation is to ilapt a damage control and
self-sealing integral fuel tank materials system, developed under a related
Air Force Contract, F33615-70-C-1426, to a C-130 wing integral fuel tank and
conduct evaluations for resistance to slosh and vibration, and resistance to
damage by .50 caliber AP and API and 20mm AP projectile impacts.

rhe work activities on this contract are divided into five areas, and
the accomplishments of each are reviewed in Section II of this report.

-1-



SECTION II

TECHNICAL DISCUSSION

A. SIMULATED VERTICAL SHOTS IN C-130 SKIN STRUCTURE SECTIONS

In preparation for the final selection of the damage control and self-
see'ing systems to be installed in the C-130 slosh aid vibration test tank and
firing test tank, simulated impact tests in C-130 skin structure sections
were performed. In these tests the damage control and the self-sealing
systems used for protozting the C-130 wing tank skin structure against small-
arms ground fire (.50 caliber AP and API and 20 mm. AP) are shown in Figure 1.
They are a combination of flexible ballistic nylon laminates (corrugated and
plain) and precompressed Buna-N closed-cell foam. A method for fabricaLing
these laminates was developed and will be described below in Section C.

Using this method, corrugated and plain laminates were fabricated from
which several C-130 test panels were fabricated, using C-130 skin structure
sections taken from wing station OWS 421 to OWS 456 (Figure 2). The skin
thickness of the section was .050-tnch and the rib height was 5/8-inch. The
panels were fabricated so that they could be mounted to a two-foot-cube tank
for the firing tests. Each panel was mounted to the test setup as shown in
Figure 3. This setup was used to simulate vertical shots. The PVC plastic
film simulated the liquid level inside the tank. Ti each test, a high-speed
motion picture was taken to observe (a) the impact at the entry and the exit
tank sides, and (b) to observe the phenomena taking place inside the tank.
The panel configurations tested are shown in Figure 4.

1. C-130 Skin Structure Section without Any Protection

In this series of tests, panels having a configuration of Structure A

(Figure 4) were mounted at the entry and exit side of the tank setup. In
test, when the .50 caliber AP projectile impacted between two ribs at the
tank entry side, a clean hole with no rupturing was obtained in the entry
panel skin. At the tank exit side, the projectile penetrated the panel in a
tumbled condition hitting a rib and rupturing the exit C-130 panel heavily.
However, when the projectile hit a rib of the panel at the tank entry side,
the entry panel skin structure ruptured heavily as s'lown in Figure 5. The
panel at the tank exit side was hit by the tumbled projectile. Rupture was
minor, as is shown in Figure 5.

2. C-130 Skin Structure Section Protected with tlr- oonage Control System Only

Panels having the configuration of Structure B (Figure 4) uere mounted at the
entry and exit side of the tank setup. The same impact conditlins as for
Structure A configuration were used; that is, a penetration between two ribs
and a hit of a rib. When the projectile (.50 caliber AP) penetrated between
two ribs at a 90-degree angle of incidence, the entry panel skin showed only
a small hole. This was almost sealed by the corrugated laminate as shown in

-2-
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Figure 6. At the tank exit side, the tumbling projectile hit the panel
between two ribs and left a 1 3/4-inch-long slit in the laminate (Figure 7).
The panel skin showed a 2 1/2-inch X 1-inch hole with some petalling (Figure
8). In the case where the projectile hit a rib of the panel at the tank

entry side, the rib ruptured and was deformed. The corrugated laminate kept
the damage low and reduced the entry hole to the point where it almost sealed.

This can be seen in Figures 9 and 10. The panel at the tank exit side was
hit by the tumbling projectile which did not penetrate the panel skin. This
is illustrated in Figures 9 and 10.

3. C-130 Skin Structure Section Protected with the Damage Control and
Self-Sealing Systems

In this series of tests, panels having the configuration of Structure C

(Figure 4) were tested at the tank entry side against .50 caliber AP
projectiles impacting in either a 90-degree or in a 45-degree angle of
incidence. The results obtained in the 90-degree angle of incidence shots are
illustrated in Figure 11. Of the fourteen shots which penetrated the panel,
ten were between ribs, three brushed the ribs, and one hit one of the ribs.

After each impact, immediate sealing was obtained by the combination of the
ballistic nylon Laminates and the precompressed foam. No rupturing or cracking

of the skin was experienced. The liquid loss was insignificant, which showed
that the mechanical self-sealing mechanism had worked efficiently. The results
obtained in the 4c-degree angle of incidence shots are illustrated in Figures
12 and 13. Two 45-degree angle shots were performed in this panel. In a first

shot the projectile penetrated between two ribs and hit a rib on its way in.
The puncture sealed immediately and no leak was observed. In the second 45-
degree angle shot, the projectile hit a rib at entrance. Again efficient
sealing was obtained.

Based on the successes obtained above, it was decided to use the self-
sealing system illustrated in Figure 4 for installation in the C-130 slosh and

vibration test tank and firing test tank.

B. PREPARATION OF C-130 WING TANKS--SLOSH AND VIBRATION TEST TANK AND
FIRING TEST TANK

The wing section received from Lockheed, Marietta, was uncrated and mounted
on a fixture for disassembly and cutting. All internal plumbing, fuel system

components, and trailing edge fairings were removed. The wing section was cut
in two places, forming thret separate tanks, as shown in Figure 14. Tank
number one eXLended from OWS 214 to OWS 283; tank number two extended from OWS
283 to OWS 421; and tank number three extended from OWS 421 to OWS 562.

Inspection of the number one tank, which initially had been selected for

the slosh and vibration test, revealed several cracks in the bottom skin

structure. These cracks had apparently occurred during static testing of

the wing at Lockheed. Due to the number and size of these cracks, it was

deemed unadvisable to use this tank for the slosh and vibration test. This

problem was discussed with the AFML. It was agreed that a section (OWS 491

to oWS 562) of number three tank would be used for the slosh and vibration

tests.
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